The purpose of this study was to investigate the effect of combined aerobic and resistance training on abdominal fat. Our participants in the study consisted of thirty obese women. They were separated into three groups: a control group (n=10), an aerobic training group (n=10) and a combined training group (n=10). The aerobic training group was composed of 60-70% HRmax (intensity), 60 minutes a day (duration) for 6 days a week (frequency). The combined training group was separated into resistance training (3 days a week, Mon, Wed, Fri) and the aerobic training (3 days a week, Tue, Thu, Sat). The levels for abdominal fat volume were measured by determining the subcutaneous fat volume (SFV), visceral fat volume (VFV), and VFV/SFV by CT (computed tomography). The V O 2max was significantly (pϽ0.05) increased in both groups. The subcutaneous fat and visceral fat levels were decreased in the combined training group more than in the aerobics training group. Also, the lean body mass (LBM) was significantly increased only in the combined training group. In addition, the total cholesterol, triglyceride and LDL-C were significantly (p<.05) decreased and the HDL-C was significantly (p<.05) increased in both groups. In conclusion, our results observed that combined training decreased abdominal subcutaneous fat and visceral fat more than aerobic training only.
Introduction
The lack of physical activity in daily life induces obesity and increases the risk of hypokinetic diseases; diabetes mellitus, hypertension, heart diseases etc. The major cause for the risk of hypokinetic diseases is obesity. Since various types of diseases are induced by obesity rather than the serious aspect of obesity alone, they become an issue as well (Leutholtz et al., 1995) .
Obesity is classified into symptomatic obesity, which is caused by different diseases and simple obesity that is caused by the surplus accumulation of fat inside the body. Although there are various causes of simple obesity, genetic and physical constitutional factors, the dietetic factor of excessive calories, and the decrease of activity or lack of exercise, become the major factors in the cause of obesity. Therefore, except for the genetic factor, the imbalance between intake calories and consumption calories can be thought of as the major cause of obesity. In balancing energy, the lack of physical activity contributes to the major factor of obesity. Moreover, treating obesity is extremely important because if not addressed the risk of cardiovascular diseases and the loss of self-confidence increases. It also degrades the ability of exercise performance as well as mental, emotional and social interaction. As a rule, obesity is a main risk factor for a number of diseases. The etiology of obesity is unclear, although it appears that both genetic and environmental factors contribute to its development (Hanley et al., 1997) .
In recently published studies reported, abdominal fat accumulation is one of the risk factors of coronary heart disease. Visceral fat was reported to promote secretion of free fat acid and decrease the insulin receptor sensitivity (Reaven, 1988) . Also, if amounts of abdominal fat accumulate, blood sugar, insulin secretion and serum triglyceride concentrations increase, so morbidity of diabetes mellitus, ischemic heart disease and apoplexy may appear. Poehlman and Horton (1989) reported that aerobic training increases energy expenditure by activation of lipolysis. Therefore, aerobic training affects the reduction of weight and body fat, whereas resistance training affects the maintenance or increase in LBM (Ballor et al., 1988) . Combined aerobic and resistance training is the best program to treat obesity (Hill et al., 1987) .
Obesity is related to the occurrence of life-style related diseases. Accurate diagnosis of obesity is important to health maintenance. In particular, the accumulation of abdominal fat is relatively high compared to other diseases (Bjorntorp et al., 1988) . Obesity is improved by aerobic exercise training, but it is important to consider exercise type, intensity, and frequency. Therefore, we hypothesized that combined aerobic and resistance exercise training have an influence on abdominal subcutaneous fat, visceral fat and blood lipids.
Methods

Subjects
Subjects were thirty middle-aged obese women, aged 40-45 yrs, apparently healthy and free of regular medication. Subjects were separated into a control group (n=10), aerobic training group (n=10) and a combined training group (n=10). Physical characteristics of subjects are shown in Table 1 .
Body composition measurement
Height and weight were assessed by STDK-AD(Shintokyo Denshikizai Co.), autobody weight (YK-150N) respectively. Body mass index (BMI) was calculated as weight (kg)/height (m 2 ). %body fat, lean body mass (LBM) were measured by Inbody 3.0 (Biospace, Korea). Blood pressure at rest was obtained from the right arm by auscultation using a mercury sphygmomanometer.
Maximal exercise test
Exercise capacity was measured both at the start and the end of the training program. All participants were familiar with the exercise testing protocol by having a preliminary exercise test with respiratory gas exchange measurement done one to three days before the baseline exercise test. All participants performed a maximum treadmill exercise test according to the modified Bruce protocol. The exercise test was maximized, and indication for stopping was as recommended by the American College of Sports Medicine (2000) . A complete 12-lead electrocardiogram was used to monitor the participants continuously. Participants breathed through a mask with a turbine volume transducer, which measured the volume of inspired and expired air. Respired gases were withdrawn from the mask for determination of O 2 and CO 2 and were analyzed breath by breath (Quinton Metabolic Cart 4500 U.S.A). The gas analyzers as well as the volume transducer were calibrated before each test.
Training program
Each of the sessions was composed of 10 minutes warm-up and cool-down respectively. The aerobic training was performed 60 minutes a day, 6 days a week at 60-70% of HRmax during 1-12 weeks (side by side, step touch, lunge side, v-step, grapevine, pivot turn, cha cha cha, mambo rock, diamond step, single hamstring walking, heel touch, sit-up, push up) and at 60-70% of HRmax during 13-24 weeks (fast walking, turn round, heel side, knee-up, scissors double, hop and jump, jumping jack, side kick, full turn, double kick). The 1 repetition maximum (RM) was measured by Kuramoto and Payne (1995) lawfulness [1 RMϭ(1.06ϫlifted weight (kg)ϩ (0.58ϫrepetition frequency)Ϫ(0.20ϫage)Ϫ3.41)]. Resistance training was performed 60minutes a day at 60% of 1RM during 1-12 weeks and at 70% of 1RM during 13-24 weeks (table 2). The combined training group was separated by resistance training (3 days a week, Mon, Wed, Fri) and aerobic 130 The Effect of Combined Training 
Computed tomography
In each subject the computed tomogram was taken immediately cranial to the iliac and was chosen for further analysis. Such a level usually traverses the body of the fourth lumbar vertebra and is close to the umbilicus in most subjects. By means of describing regions of interest (ROI) with a light pen cursor and assessing the number of pixels within the fat density range (Ϫ250 to Ϫ50 Hounsfield number) the cross sectional areas of both visceral fat and subcutaneous fat were calculated
Blood sample analysis
Blood was drawn from the antecubital vein at baseline and 24 weeks. After the subject fasted for a minimum of 12 hours, blood samples of approximately 10 ml were collected in the early morning by venipuncture from the antecubital vein. The samples were then centrifuged to obtain the serum, which was stored at 4°C. All analyses were completed within 48 hours of the collection of the blood samples. The concentrations of both total choesterol (TC) and triglyceride (TG) in the serum were measured using enzymatic assays (DAOS, Wako Shiyaku). The high density lipoprotein-cholesterol (HDL-C) in the serum was measured by heparin-manganese precipitation procedure (DAOS, Kyowa Medics). The low density lipoproteincholesterol (LDL-C) was calculated according to the method of Friedewald et al. (1972) which assumes that LDL-CϭTC-(HDL-CϩTG/5). Apolipoportein A-I and Apolipoportein B were measured by single radial immunodiffusion.
Statistical analysis
All data are presented as meansϮSD. Paired t-test was used to evaluate the difference of baseline and 24 weeks. And oneway ANOVA was used to evaluate change among groups, if F value was significant, it was determined using Scheffe's test. All analyses were done with SPSS statistical software (SPSS Korea). Statistical significance was accepted at pϽ0.05. Table 3 shows the data of maximal oxygen consumption on subjects who participated in this study. There were no significant differences among 3 groups at baseline. V O 2max , V O 2max /kg were significantly (pϽ0.01) increased in both aerobic training and the combined training group. However V O 2max /LBM was significantly (pϽ0.05) increased in only the combined training group.
Results
Maximal oxygen consumption (VO 2max )
Body composition
The comparison of body composition between baseline and 24 weeks are presented in Table 4 . Body weight, SFV, VFV, VFV/SFV were increased, and LBM was decreased. But there was no significance. On the other hand, percent fat was significantly increased after 24 weeks in the control group. Weight and %body fat were significantly decreased respectively in both training groups compared to control group. LBM was not different in the aerobic training group. However, combined training was increased (pϽ0.05). SFV was decreased in aerobic (pϽ0.05) and combined training (pϽ0.01), VFV was decreased in aerobic and combined training group and VFV/SFV was decreased in both training groups (pϽ0.01). In particular, SFV and VFV were decreased in the combined training group rather than the aerobic training group. LMB was significantly increased only in the combined training group. Therefore, combined training was more effective on body composition.
Serum lipids and lipoproteins
The change in serum lipids and lipoproteins after 24 weeks were presented in Table 5 . Serum lipids and lipoproteins were little changed after 24 weeks in the control group. TC, LDL-C, TG were significantly (pϽ0.01) decreased and HDL-C was significantly (pϽ0.01) increased in both training groups. Apo A-I was significantly (pϽ0.01) increased and Apo B was significantly (pϽ0.01) decreased in aerobics and combined training group. Degree of variation was high in combined training group compared to the aerobics training group. However, statistical difference appeared in both training groups.
Discussion
Aerobic capacity (V O 2max ) is due primarily to heredity and training, generally the ratio is 50% (Fagard and Bielen, 1991; Engstr and Fischbein, 1997) . In the present study, V O 2max was decreased in the control group but increased in the aerobics training group and the combined training group (aerobics plus resistance training). In the case of the V O 2max per kilogram of body weight, combined training group showed more increase than in the others. Therefore, the combined training group is more effective than other groups.
In general, the training has a positive effect on body composition. Also, it is reported that resistance training increases LBM and aerobic training decreases body fat. Eric et al. (2000) reported that resistance training (80% of 1RM, 3 times/week, 6 months, 30 yr women) increased in LBM but not in body fat. Owens et al (1999) reported that aerobic training (157 beat/min, 40 min/set, 5 times/week, 4 months in obese adolescents) decreased body fat by 22%.
In our study, the aerobics training group significantly decreased in body weight (4.7kg), % body fat (9.2%) but not in LBM. The combined training group also decreased in body weight (6.4 kg) and %body fat (10.3%), but especially increased in LBM (5.6 kg, pϽ0.05). Therefore, combined training is more effective in improving body composition.
The level of LBM in women with abdominal obesity is associated with GnHR (gonadotropin-releasing hormone), GH (growth hormone), dyinsulinemia and estrogen deficiency (Yamasaki et al., 2001) . It is assumed that combined training could decrease body fat and increase LBM in middle-aged 132 The Effect of Combined Training obese women, which would result in an improvement of GH, dyinsulinemia. Recently, Park (2001) reported that combined training (aerobic training plus muscular resistance training) decreased intra-abdominal fat. Combined training is more effective in reducing visceral fat than food intake restriction. But, Despres et al. (1991) reported that 14 weeks of aerobic training decreased abdominal subcutaneous fat (546.5Ϯ128.2 cm 3 into 486.5Ϯ123.3 cm 3 ) whereas it did not reduce visceral fat (124.7Ϯ48.6 cm 3 into 121.3Ϯ45.5 cm 3 ). Mourier et al. (1997) showed that cycle ergometer exercise (75% of V O 2peak , 45 min/set, twice a week, 8weeks long) in subjects with type 2 diabetes decreased the abdominal subcutaneous fat (18%) and visceral fat (48%).
The effects of the decreased visceral fat demonstrated that activated-lipolysis played a more important role in visceral fat than subcutaneous fat through the catecholamine stimulation. Shimomura et al. (1993) observed a marked reduction of acylCoA synthase activity (67% to sedentary group/tissue protein) and acyl-CoA synthase mRNA (26% to sedentary group), combined with reduction of LPL mRNA (49%) and GLUT-4 mRNA (38%) in the visceral fat of exercised rats through 7-day training. Visceral fat is activated in lipolysis by catecholamine stimulation during exercise because the probability is that visceral fat will be mobilized.
In our study, visceral fat decreased more than subcutaneous fat in both training groups. But the combined training group experienced a greater decrease of visceral fat more than the aerobics training group did. Although, we did not analyze catecholamine, our result agreed with the results of the Shimomura et al. (1993) . Therefore, we suggest that combined training is more likely to activate lipolysis than by catecholamine stimulation.
If the ratio of the subcutaneous and visceral fat is 0.4, which is the index of the abdominal obese, it is considered to be the abdominal obese. The abdominal obesity with the ratio higher than 0.4 was highly related to the circulation and endocrine system. Whereas, both aerobics training and combined training was significantly reduced from 0.33 to 0.20 and from 0.31 to 0.19 after 24 weeks. According to the result of the experiment, both subcutaneous and visceral fat significantly decreased. Therefore, the combined training will benefit the increase of the lean body mass of middle-aged obese females. It is also effective in decreasing the abdominal subcutaneous and visceral fat. Moreover, it will help prevent all kinds of diseases caused by obesity. Lamarche et al. (1992) performed the experiment on the training, for both weight rising group and weight reducing group, using approximately 55% of maximal aerobic power with four to five times a week for a period of 6 months. The experimenter observed the improvement in the sugar, and lipid metabolism in both groups. Krotkiewski and Bjorntorp (1986) reported that insulin sensitivity, TG and cholesterol were improved after 3 months on the training for abdominal obesity patients. Fahlman et al. (2002) performed the experiment on aerobic training group (70% of HRR) and resistance training group (8 RM) with 50 minutes, three times a week, for a period of 10 weeks in elderly women. There were decreases in TG, LDL-C and an increase in HDL-C in both groups. Warner et al. (1989) reported that Apo B was significantly decreased after 12 weeks. He suggested that aerobic training needed 4-12 weeks to change blood lipid and lipoprotein concentrations. David et al. (2000) performed the experiment on the aerobic training, using 60-80% of V O 2 peak with 30-60 minutes, for a period of 12-16 weeks. The experimenter observed that Apo B was decreased and Apo A-I was increased. Furthermore, Park et al. (2001) reported that TC, TG, LDL-C, Apo B were significantly decreased and HDL-C, Apo A-I increased through combined training.
In our study, TC, TG, LDL-C and Apo B were significantly decreased and HDL-C and Apo A-I were significantly increased in both groups. This result agrees with the results of the previous experiments (Fahlman, 2002 : Park, 2001 ). Therefore, regular long-term training is considered to improve serum lipid.
In summary, we observed that subcutaneous fat and visceral fat were decreased by combined training rather than only by aerobic training. Moreover, 24 weeks training will benefit the treatment of obesity as well as prevention of life style related diseases, due to changes in body composition, serum lipid and abdominal fat.
